In this paper I compute the welfare e¤ect of the Great Moderation, using a consumption based asset pricing model. The Great Moderation is modelled according to the data properties of consumption and dividend growth, which display a reduction of their innovation-volatility and increased persistence. The theoretical model (a long-run risk model), calibrated to match average asset pricing variables in the data, is able to capture the two features of the Great Moderation, and it predicts a welfare loss caused by the Great Moderation (-0.9 percent), due mainly to the utility cost of a late uncertainty resolution. JLE Classi…cation: E32, G10.
Introduction
The Great Moderation has received an enormous amount of attention in the literature, much of it devoted to assessing a range of possible causal factors. 1 Relatively little research, however, has addressed whether the Great Moderation is important in terms of improving households'welfare.
After all, how bene…cial was the Great Moderation? In this paper I calculate the welfare change caused by the Great Moderation, and conclude that it is more than likely modest or even absent at all. A model-free approach suggests that the welfare gain of the Great Moderation is 0.11 percent in terms of household consumption. A model-driven approach implies a negative contribution of the Great Moderation on welfare (-0.9 percent in consumption equivalent terms). The main intuition behind the absence of a large gain coming from the Great Moderation relies on the increased persistence of consumption since the early eighties.
The procedure I follow to measure the welfare gain from the moderation is characterized by two important features. First, I show that computed welfare gains depend crucially on the assumed laws of motion of consumption before and after the Great Moderation. Therefore, a careful accounting of how both its variance and persistence have changed is required in order to assess changes in welfare. Additionally, because macroeconomic ‡uctuations are a source of risk for households, it seems natural that we should assess the gain from reducing this risk using a model which has empirically reasonable asset pricing implications 2 . After all, these observed prices are our best measures of how actual agents value risk. A second feature of my analysis, therefore, is to pay close attention to the asset pricing implications of the models used in my analysis.
The vast literature on the Great Moderation focuses mainly on the signi…cant reduction in the variance of either the growth rates of macroeconomic variables, or of their business cycle components. I show, however, that the Great Moderation is characterized also by an increased persistence of both consumption and dividends 3 . Whereas the decline of the volatility of consumption and 1 Kim and Nelson (1999) , McConnell and Perez-Quiros (2000) , and Blanchard and Simon (2001) are among the pioneers of the literature on the Great Moderation. A survey of this literature can be found in Stock and Watson (2002) . 2 Alvarez and Jermann (2004) also analyse the relation between welfare cost of cycles and asset pricing in a "model-free" environment. 3 Pancrazi (2013) and Pancrazi and Vukotic (2013) …nd similar results for consumption, investment, and output and for the Solow residual, respectively. dividend innovation shocks has a stabilizing e¤ect, the increased estimated persistence shifts the resolution of uncertainty from the short-run to the long-run. This …nding is important because, depending on the preferences used to measure agents'welfare, we might actually expect to …nd no gain, or even a reduction in utility in the post-1983 period.
The following example serves to illustrate the importance of linking welfare calculations to asset prices. Lucas (1987) assessed the welfare cost of business cycle ‡uctuations using a simple representative-agent consumption-based asset pricing model with time separable constant relative risk aversion (CRRA) preferences. In his calibrated example the implied welfare gain of eliminating ‡uctuations is equivalent to a 0:01 percent increase in steady state consumption. Lucas'model, however, implies a negligible equity premium. If, instead, one calibrates the preference parameters, so that the equity premium in the model is 6 percent (its average value in the post-war period), the welfare gain from eliminating ‡uctuations rises to 7:5 percent of steady state consumption.
With these considerations in mind, I proceed as follows. To model the Great Moderation, I estimate a third order autoregressive model of real U.S. per capita consumption and dividends for both the pre-1983 and post-1983 periods. This model is su¢ ciently rich to capture the rich autoregressive structure of these two time-series in the two sub-samples. To measure welfare gains, I consider a long-run risk model as in Bansal-Yaron (2004) . The model parameters are calibrated such that the model is able to match key asset pricing moments (…rst and second moments of risk-free return, average risky asset-return, average equity premium) across the two sub-samples.
The ability of the long-run risk model to match the asset pricing moments is a consequence of the assumption of non-separable utility function (Epstein-Zin (1989) preference) and of the presence of a small and largely persistent component in the consumption and dividend process, i.e. the long-run risk.
The Great Moderation period di¤ers from the pre-Great Moderation period in three dimensions.
First, there is a reduction in the variance of the innovations of the consumption and dividend growth rate: I will label this e¤ect as "innovation-e¤ect". Second, there is an increased persistence of the consumption and dividend growth process: I will label this e¤ect as "persistence-e¤ect". Third, the asset pricing properties of the model in the Great Moderation suggests a small increase of the relative magnitude of the long-run shock with respect to the consumption shock: I will label this e¤ect as "long-run-risk-e¤ect". The main result of the paper is that these three e¤ects jointly imply a reduction of welfare in the Great Moderation period with respect to the pre-1983 period, equal to -0.9 percent, in consumption equivalent terms.
Although this result might appear counterintuitive, my model-based welfare computation allows to derive an intuition for this …nding by constructing counterfactual scenarios that can explain why the Great Moderation is welfare deteriorating in this model. If the Great Moderation were solely characterized by a reduction of the magnitude of the consumption and dividend shocks (innovation-e¤ect), it would have had a sizeable welfare gain, equal to 1.6 percent in consumption equivalent. Intuitively, agents are risk averse and, ceteris paribus, they highly value the lower consumption variance. However, this scenario would also imply a drastic reduction of the mean equity premium, which was not observed in the data. The "persistence-e¤ect"scenario captures the increased persistence of consumption and dividends without altering their unconditional variance and the long-run risk component. When the persistence of consumption and dividends increases, agents'welfare is largely reduced (-6.6 percent), and the mean equity premium jumps to 25 percent.
Intuitively, an agent endowed with Epstein-Zin (1989) preferences with intertemporal elasticity of substitution greater than one is adverse postponing uncertainty resolution. When the persistence of consumption and dividend increases, their volatility shifts from the short-run to the long-run, thus making the agent worse o¤. As a result, the agent would ask for a larger premium to hold a risky asset. A similar e¤ect is induced by the "long-run-risk-e¤ect": since the higher relative increased variance of the long run risk induces also a larger long-run uncertainty, the agent assigns a negative welfare e¤ect to it (-1.4 percent). Also in this case, he would ask for a larger equity premium to hold risky asset (12 percent).
In a nutshell, the proposed asset pricing framework suggests that the gain brought by the Great Moderation is rather small, if not absent at all. The reduction of the magnitude of the consumption and dividend innovation shocks implies an unambiguous welfare gain, as well as a reduction of the mean equity premium and its variance. But the Great Moderation period was not solely characterized by a reduction of consumption and dividends variance. The data, in fact, show that the Great Moderation also features a larger portion of consumption and dividend variance concentrated in the long-run, caused by their increased persistence and by the larger relative long-run risk. These two properties are welfare deteriorating, since they delay the resolution of uncertainty from the investor's point of view. As an additional support of the main …nding, I show that a model-free approach as in Alvarez and Jermann (2004) also delivers a negligible welfare change from the Great Moderation, equal to 0.1 percent in consumption equivalent.
Finally, to assess whether other models predict a low gain from the Great Moderation, I also consider two alternative models used in the recent macro-…nance literature that have been shown to successfully match key asset pricing facts: the non-linear habit model (Cochrane and Campbell (1999)), and the rare-disaster model (Rietz (1988) and Barro (2005 Barro ( , 2009 ) among others). Despite the attractive asset pricing qualities of Campbell and Cochrane (1999)'s habit model, the assumed peculiar form of non-linear relationship between habit stock and past consumption is problematic when computing the welfare change associated with a change in the law of motion of the endowment. In particular, the parameters of the law of motion of consumption implicitly a¤ect the preference parameters that determine the sensitivity of the agent to consumption ‡uctuations.
The lower the variance of consumption is, the more the habit stock responds to an endowment shock of a given magnitude 4 . This mechanism plays an important role in the model's ability to match speci…c asset pricing facts, namely the …rst and second moments of the risk-free rate and the equity premium. However, it unfortunately obscures welfare calculations, because it is not possible to isolate the e¤ects of changes in the exogenous process while holding the preference parameters …xed 5 . Considering the rare-disaster model, only a small fraction of the equity premium depends on the high-frequency properties of the consumption process, whereas it depends in large part on the probability and magnitude of rare disasters. If the Great Moderation is assumed to have left these features of the law of motion of consumption unchanged, there is little predicted change in the moments of …nancial variables, and only a very small welfare gain.
The paper is organized as follows. Section 2 presents the empirical analysis of the e¤ect of the Great Moderation on macroeconomic variables and asset pricing. Section 3 illustrates the relationship between welfare cost, asset prices, and law of motion of consumption. Section 4 presents the asset prices model and its calibration. Section 5 illustrates the computed welfare costs of the Great Moderation. Section 6 presents alternative models. Section 7 concludes with some remarks.
Great Moderation: Stylized Facts on Macroeconomic Variables and Asset Pricing
The extensive literature on the Great Moderation has focused mainly on the decline of the volatility of macroeconomic variables 6 . In this section I extend the analysis of the Great Moderation in two directions. First, I analyze how both variance and persistence of consumption and dividends has been a¤ected by the Great Moderation period. Second, I investigate whether the Great Moderation has a¤ected any of the key moments of some …nancial variables, such as average values and variance of the risk-free rate, the equity premium, and the Sharpe ratio.
Macroeconomic Variables
Consider the following two U.S. macroeconomic variables: real per capita aggregate consumption, measured as non-durable goods plus services, and real dividends 7 . The dataset includes observations from the period 1947Q1-2007Q4. I will refer to the sub-sample 1947Q1-1982Q4 as Sample 1 (the period before the Great Moderation), and the sub-sample 1983Q1-2007Q4 as Sample 2 (the period of the Great Moderation) 8 . The choice of 1983 as the break date for the beginning of the Great Moderation is in line with the large literature on this topic (see Stock and Watson (2002) ).
In this paper, I will mainly focus the empirical analysis on the growth rate of consumption and 6 See Stock and Watson (2002) for a review. 7 Sources: consumption is obtained from NIPA, dividends are extracted from Robert Shiller's online database. http://www.econ.yale.edu/~shiller/data.htm 8 The decision to include observation up to 2007Q4, thus excluding the recent crisis, is driven by the choice to minimize the variance of the macroeconomic variables in the second sub-sample, thus giving the Great Moderation the best chance to have a large welfare impact. Nevertheless, the stylized facts about the cyclical properties of macroeconomic real variables presented in this section are robust to including the more recent observations. dividends. The underlying assumption that the two processes are characterized by an unit root is vastly common in the literature and it is consistent with the theoretical model studied in this paper 9 . Table 1 presents some descriptive statistics of the time-series properties of consumption and dividend growth rate in the two sub-samples. Few important features are worth noticing. First, the mean of consumption and dividend growth is relatively stable across the sample. A Chow (1960) test fail to reject the hypothesis that the mean of consumption and dividend growth experienced a break during the Great Moderation 10 . This is an important result because I can abstract from changes in the level of consumption and dividends when computing the welfare gain of the Great Moderation. Second, the variance of both consumption and dividend growth has signi…cantly declined during the Great Moderation, as expected. Finally, the correlation between consumption and dividend growth is rather low in the whole sample, in particular in the Great Moderation period.
Whereas the literature has largely documented the e¤ect of the Great Moderation on the variance of macroeconomic variables, very little attention has been focused on its e¤ect on the persistence 11 . In what follows I analyze the changes in persistence of the two variables of interest in the two sub-samples. The …rst important step for this analysis is realizing that the time-series of dividend and consumption growth are both characterized by a rich autoregressive structure.
In fact, econometric information criteria suggest that the two series are well described by a third order autoregressive process, as:
where y t indicates the variable of interest (consumption or dividend growth). Table 2 displays the values of the estimated parameters for consumption and dividend growth in 9 The results presented in this section are robust to the assumption of the presence of a deterministic trend in consumption, as showed in Pancrazi (2013) . 10 The Wald statistics for the Chow (1960) test for the null hypothesis of constant mean of consumption and dividend growth in the two subsamples are 0.01 and 0.15 respectively. The critical value at a 0.10 signi…cance level is 2.72. 11 Exceptions are Pancrazi (2013), and Pancrazi and Vukotic (2013) the whole sample, in Sample 1, and in Sample 2, along with their standard errors. The important feature of the estimation is that in the three samples considered there is a large number of signi…cant autoregressive parameters of order two and three.
Have the properties of consumption and dividends changed during the Great Moderation period? To answer this question I compute two statistics describing the process in (1): its persistence, measured as the largest root of the autoregressive polynomial, and the standard deviation of the innovation, . Table 3 displays these estimated parameters for consumption and dividend growth in the three samples, along with the 90 percent con…dence band computed via bootstrapping.
The main results are the following. First, as vastly documented in the literature, the variance of the innovation of consumption and dividends has largely declined during the Great Moderation period 12 . Second, the persistence of consumption and dividends has increased in the Great Moderation period. This is a novel result in the literature, and it is consistent with the …nding of Pancrazi (2013) for consumption, investment and output, and of Pancrazi and Vukotic (2013) for the Solow's residuals. As showed below, the properties of consumption and dividends are a crucial determinant for the realized asset pricing moments and for welfare: therefore, in this paper I will study a model that can both capture the declining variance of the innovations of consumption and dividends, and their increased persistence, and that can isolate their e¤ects on welfare.
Asset Prices
In contrast to the vast literature on the stabilization of macroeconomic variables during the Great Moderation, relatively little attention has been paid to changes in the behavior of …nancial variables 13 . In this section I analyze some key moments of asset prices before and during the Great Moderation, to assess whether the reduction in the volatility of macroeconomic variables coincides with changes in the moments of …nancial variables. In particular, I …rst consider three time series:
the real annualized return of a risk-free asset, measured as the return of 3-month Treasury bills, 12 The underlying assumption in this section is that the Great Moderation is an absorbing state. In Lettau, Ludvigson and Wachter (2008) the mean and volatility of the consumption process is modeled as a Markov process. In order to give the Great Moderation the best chance to imply the highest welfare gain as possible, in this paper I abstract from welfare e¤ect of the regime uncertainty, thus focusing only on the welfare e¤ects of the observed properties of consumption during the Great Moderation period. 13 Lettau, Ludvigson, and Wacther (2008) analize the increase of the price-dividend ratio in the 1990s.
the annual real return of equity, measured using the value-weighted market return de…ned by Fama and French 14 , and the risk premium, measured as the di¤erence between the risk-free return and the equity return. Table 4 shows the …rst and second moments of these variables in the two sub-samples. The average returns of the assets rose during the Great Moderation, by 2.3 percentage points for equities, and 1.6 percentage points for risk assets. As a result, the mean of the equity riskpremium grew only slightly in the post-1983 period, by 0.7 percentage points. However, a Chow (1960) test statistic (0.31) suggest that this small increase in the average risk premium is not statistically signi…cant. Thus, I infer that the risk-premium did not change as a result of the Great Moderation. In addition, also the equity return volatility, the risk-premium volatility and the Sharpe ratio are approximately unchanged across the two sub-samples.
3 Welfare and Asset Pricing Lucas (1987) concludes that the welfare gain from eliminating business cycle ‡uctuations is negligible. In this section I demonstrate, however, that welfare calculations depend on two important features of a model: the speci…cation of the exogenous consumption process and the asset pricing implications of the model structure. Lucas (1987) …nds that the cost of business cycles is extremely low; an agent would agree to give up less than 0.04 percent of his consumption to avoid them entirely. However, to compute this cost Lucas (1987) uses two crucial assumptions: the logarithm of consumption is speci…ed as an i.i.d. process around a linear trend, and CRRA utility is calibrated with a small coe¢ cient of risk aversion. In this section I show that departures from these assumptions greatly a¤ect the computed welfare cost. Speci…cally, I compute the welfare cost using the same CRRA utility speci…cation as in Lucas, but I adopt the autoregressive process for consumption growth speci…ed as in Mehra and Prescott (1985) , which is …t to the 1889-1978 sample of U.S. data. I also calibrate the preference 14 http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html parameters so that the model matches the average equity premium and average risk-free rate in the Mehra and Prescott data set (1985) .
Revisiting Lucas'Calculation
To illustrate the sensitivity of welfare calculations to the model speci…cation, in the …rst step, I assume that the preference parameters and the consumption process are speci…ed as in Lucas (1987), i.e. the discount factor is equal to 0.95, the coe¢ cient of risk aversion is equal to 2; and the logarithm of consumption is i.i.d. around a linear trend, i.e.
Following Lucas'(1987) calibration, the mean growth rate of consumption, g; is set equal to 0.03 and the standard deviation of the stationary component, ; is set equal to 0.013. As the …rst column of Table 5 shows, the model predicts a negligible welfare cost from eliminating the ‡uctuations equal to 0.017 percent. Moreover, the model is not able to predict a signi…cant equity premium, as Mehra and Prescott (1985) pointed out.
Similar results can be obtained maintaining the assumption of a CRRA utility function, but assuming that the growth rate of consumption is an i.i.d. normal random variable with mean and standard deviation ; i.e.:
log (C t ) = log (C t 1 ) + " t " t iid N ; 2 : Calibrating = 0:03 and = 0:013 as estimated in the post-war period, the second column of Table 5 shows that the model predicts an equity premium close to zero, and a low welfare cost from eliminating the ‡uctuations equal to 0.1 percent in consumption compensation. In both the trend stationary and di¤erence stationary speci…cations of the consumption process, the model prediction of a low equity premium is associated with a low welfare cost of the ‡uctuations.
The link between asset pricing and welfare cost can be de…ned analytically in a basic consumptionbased asset pricing model with time-separable CRRA utility, like the proposed by Lucas (1978 Lucas ( , 1987 ) and explicitly described in Appendix A.
As in Lucas, I …rst assume that the logarithm of consumption, c t = log (C t ), is an i.i.d. process around a linear trend, i.e.:
In this case, a …rst order approximation of the equilibrium implies that the welfare gain from eliminating ‡uctuations, expressed in consumption compensation terms, is:
and the approximated expected value of the equity premium is
where = 1 : Given equation (2) and equation (3) ; it is evident that the model prediction about the equity premium is tightly related to the welfare cost. In fact, the two variables are proportional since:
Moreover, notice that both the equity premium and the welfare cost are tied to the coe¢ cient of risk aversion, : Also, notice that, when 1; a decline of the variance of the consumption-innovation, 2 z ; implies a reduction of the expected equity premium and of the welfare gain.
Mehra and Prescott' s Calibration
In the second step, I show that the speci…cation of the consumption process a¤ects the welfare computation. I follow Mehra and Prescott (1985) , modeling the exogenous process as a …rst order autoregressive process for consumption growth:
where the mean is calibrated to be 0:0179, the autoregressive coe¢ cient is calibrated to 0:139; and the standard deviation of the error term is calibrated to 0:0347: This model best …ts the aggregate consumption data observed in Mehra and Prescott's (1985) sample period, 1889-1978.
Using the same preference parameters as in the previous step ( = 0:95 = 2); the welfare cost of business cycles is now 0.65 percent, 30 times larger than Lucas'(1987) estimate. Obstfeld (1994) reaches similar conclusions: under the unit-root assumption, innovations in growth have cumulative e¤ects, which greatly a¤ect welfare. However, the cost of the business cycle is still modest and, as Table 5 displays, the equity premium predicted by the model is still small.
Finally, in the third step I maintain the assumption of the autoregressive process for consumption growth, but I calibrate the preference parameters such that the model predicts a risk-premium of 6 percent and a risk-free return of close to 1 percent, the average values observed in Mehra and Prescott's (1985) sample. Table 5 shows that a coe¢ cient of risk-aversion equal to 17 and a discount parameter greater than unity are able to generate asset returns whose …rst moments reasonably match the data 15 . In this scenario, the welfare cost of the ‡uctuations is large, about 7.4 percent. This result suggests that the welfare cost of business cycle ‡uctuations implied by a model is tightly related to the ability of that model to generate a large price for risk.
However, as shown in the previous section, none of these calculations is appropriate for thinking about the e¤ects of the Great Moderation because it did not lead solely to a decline in of the consumption innovation volatility, but also to an increased consumption persistence. Therefore, a basic exercise in which consumption growth is the exogenous stochastic process, and the variance of its innovation declines, is completely silent about the e¤ects of a changing autocorrelation structure on welfare and asset pricing.
In this paper I propose a particular solution to this problem, introducing a model in which the consumption process is ‡exible enough to capture the observed changing behavior of consumption (and dividends), and in which preferences are such that the model can match the key moments of asset prices in the post-war period. With this model I compute the e¤ect of the Great Moderation on welfare, and conclude that the gain implied by the Great Moderation is rather small, even though the model predicts a large equity premium and a small risk-free rate. 15 Kocherlakota (1990) obtains similar results in an analogous exercise.
An Asset Pricing Framework
The previous sections have showed two important results. First, the Great Moderation has a¤ected both the variance and the autocorrelation structure of consumption and dividends. Second, the welfare calculation implied by macroeconomic models are severely sensitive to their speci…cation and, in particular, to their asset pricing implications. Therefore, in this section I introduce a model which is able to match some of the basic asset pricing moments, namely mean and variance of the risk-free rate, the equity return, and the Sharpe ratio, and that is able to capture the dynamics of consumption and dividends.
The Long-Run Risk Model
The model is similar to the asset pricing model with risks for the long-run as proposed by Bansal and Yaron (2004) . The choice of using this model is motivated by several factors: it is a one of the few consumption based asset pricing models in the literature that can capture both the …rst and second moments of asset pricing, it allows to consider both the dynamics of consumption and dividends, and, …nally, it is suitable for welfare calculations, as showed by Croce (2012) 16 . In The representative agent has Epstein and Zin (1989) preferences that take the following form:
where 0 < < 1 and 1 1 is the rate of time preference. Let = 1 1 1= ; where 0 is the risk aversion parameter, and 0 is the intertemporal elasticity of substitution. Notice that this preference speci…cation allows to separate the risk aversion parameter from the intertemporal elasticity of substitution, a key feature for the model to be able to match asset pricing data. 16 Tallarini (2000) studies the welfare implications implied by Epstein-Zin (1989,1991) preferences.
There are N assets in this economy, whose one period ahead return is denoted as R j;t+1 , 8j = 1; ::; N: The share of investment in asset j is denoted as ! j;t : Hence, there are N 1 linearly independent elements in ! t = [ ! 1;t ... ! N;t ] 0 ; since the portfolio must satisfy:
The representative agent is endowed with an initial stock of the consumption asset A 0 that can be either consumed or invest in the N assets in the competitive market. Therefore, her wealth evolves according to:
Following Epstein and Zin (1991), the …rst order condition that prices an asset that entitles a claim on a stream of consumption good implies:
where c t is the growth rate of consumption (exogenously speci…ed below), r c;t+1 is the logarithm of the gross return of a consumption claim, and v c;t is the price-consumption ratio, i.e.:
Equivalently, the …rst order condition to price an asset that entitles to a dividend D t in each period implies:
where d t is the growth rate of dividends (exogenously speci…ed below), and v d;t is the price-dividend ratio, i.e.:
Finally, we close the model specifying exogenous processes for consumption and dividend growth. I assume they are described by a third order autoregressive process in order to capture the rich autocorrelation structure of estimated for the consumption and dividend growth time-series. Thus:
where the shocks c t 
Calibration
In order to calibrate the model I propose the following strategy: I consider …rst the estimated autoregressive parameters of the consumption process, [ c 1 ; c 2 ; c 3 ], and dividend process, Three are the preference parameters to be calibrated. The value for the intertemporal elasticity of substitution is taken from Bansal and Yaron (2004) and it is equal to 1.5, since they provide evidence of that parameter being greater than one. The discount factor is calibrated at = 0:998 as in Bansal and Yaron (2004) and Croce (2012) . Finally, the value of the coe¢ cient of risk aversion is chosen to match the Sharpe ratio implied by the model. The implied value is = 12; in line with the magnitude used by Croce (2012) .
The …rst column of Table 6 reports the complete calibration for the whole sample, and Table   7 reports the performance of the model on matching the properties of consumption and dividend growth in the whole sample, as well as the asset price data moments. Notice that by matching almost exactly the properties of consumption and dividends, the model is able to replicate remarkably well the …rst and second moments of asset prices. Whereas the Sharpe ratio and the mean equity premium are targeted moments to pin down and x ; the magnitude of the mean equity rate and risk-free rate and their variances are not targeted moments: even though the model-implied risk-free rate is slightly larger than the one observed in the data, I can claim that the model is well suited to capture the risk attitude of the agents in the model economy that can be inferred from asset prices data.
The Great Moderation in the Asset Pricing Model
As just showed, the proposed calibration for the model does remarkably well on matching the …rst and second moments of asset prices during the whole sample. Therefore, I will …x the preference parameters to their calibrated values through the rest of the paper. Obviously, it is crucial that preferences parameters are held constant when doing welfare comparison between two di¤erent speci…cations of the model: the ability of the model to capture the overall behavior of asset pricing guarantees that the preference parameters are at least reasonable.
The next step, then, is to model the Pre-Great Moderation and the Great Moderation period.
As suggested in the …rst section of this paper, the properties of the consumption and dividend time-series have changed during the Great Moderation both in their variance and persistence. In this section I will calculate the welfare impact of these changes. However, there is also an additional component that might have changed, which is the magnitude of the long-run risk shock. Since, as stated, this component is hardly identi…able in the data, I will try to infer it from the asset pricing data. Table 2 . I also adjust the values of the constants c and d in the equations (6) and (7) to imply an average growth rate of consumption and dividend equal to the one in the whole sample: keeping the mean growth rate of consumption and dividends constant across the pre-Great Moderation and Great Moderation samples assures that the welfare calculations are completely driven by second moment e¤ects (changes in the variance and persistence of dividends and consumption) and not by …rst moment e¤ects (changes in the average level of dividends and consumption). This assumption is supported by the remarkable stability of the mean consumption and dividend growth in the two sub-sample as showed in Table 1 . Finally, I adjust the level of the standard deviation of the long-run risk shock x to match the Sharpe Ratio in the Sample 1. The second column of Table 6 displays the resulting calibrated parameters for Sample 1. The only important feature to be noticed is that to match the Sharpe Ratio in the pre-Great Moderation, the relative variance of the long-run innovation with respect to the consumption variance innovation, x ; is slightly lower than the one for the whole sample.
Sample 1 Calibration: the pre-Great Moderation
What are the asset pricing implications of the model for the pre-Great Moderation period? The left panel of Table 8 shows that the model is overall able to match the …rst and second moments of …nancial variables in the pre-Great Moderation period; only the average risk-free rate is slightly above its data counterpart, and the model implied risk-free rate volatility is below the one observed in the data. Table 6 displays the resulting calibration. Again, the only important feature of the calibration is the slightly higher value of x in the Sample 2 with respect to the one calibrated for the Sample 1. Notice that this value does not imply a larger variance of the long-run risk shock in the Great Moderation period, but only its larger relative variance with respect to the consumption innovation variance 17 .
The right panel of Table 8 displays the asset pricing implications derived from the long-run risk model when calibrated for the Great Moderation period. Overall, the model matches the asset pricing data very closely, except for the too low volatility of the risk-free rate.
In conclusion, the calibrated preference parameters and long-run risk process parameters, together with the estimated laws of motion of consumption and dividend growth, deliver model asset pricing implications that successfully match their data counterpart in both the pre-Great Moderation and Great Moderation periods.
Counterfactual Scenarios
As showed in Table 5 , the calibration considered for the Great Moderation period di¤ers from the one for the pre-Great Moderation period in three dimensions. First, there is a change in the variances of the innovation of the growth rate of consumption and dividend. I will label this e¤ect as "innovation-e¤ect". Second, there is a change in the autocorrelation structure of the consumption and dividend growth process. I will label this e¤ect as "persistence-e¤ect". Third, there is a change in relative magnitude of the long-run shock with respect to the consumption shock. I will name this e¤ect as "long-run-risk-e¤ect". The empirical analysis in Section 2 suggests that: (1) the "innovation-e¤ect"has contributed to reduce the variance of macroeconomic variables during the Great Moderation, and (2) the "persistence-e¤ect" has increased their persistence. In addition, the model suggests that, in order to match the asset pricing data in the pre-and during-Great Moderation period, a positive "long-run-risk-e¤ect"is needed, that is a higher relative long-run risk variance with respect to consumption variance, x . In this section I propose some counterfactual scenarios that are helpful on isolating the welfare implications of each of these e¤ects.
The The last three columns of Table 6 describe rigorously the parameterization of the three scenarios.
The Welfare Gain or Loss of the Great Moderation
What is the welfare gain or loss brought by the Great Moderation? I answer this question by using two alternative methods. First, I consider the model-free approach suggested by Alvarez and Jermann (2004) . This approach extracts information on welfare from consumption data and asset pricing data. The appeal of this method steams form not relying in a speci…c general equilibrium model. Unfortunately, for the same reason, this approach does not obviously allow to isolate welfare e¤ects generated by di¤erent sources through counterfactual scenarios. In order to understand in depth welfare gains and losses during the Great Moderation period, I will then use the asset pricing model presented in the previous section to compute the welfare gain/loss brought by the Great Moderation and I will quantify the magnitude of the three e¤ects presented above: the "innovation-e¤ect", the "persistence-e¤ect", and the "long-run risk-e¤ect".
5.1
The Model-Free Welfare Calculation Alvarez and Jermann (2004) proposed a method to compute the marginal cost of consumption ‡uctuations ! 0 as a function of an interest rate, the average growth rate of consumption, and a consumption risk premium, under the assumption that consumption growth is independently and identically distributed, and the interest rate is constant. Whereas, the interest rate and consumption growth rates are observable in the data, the consumption risk premium is estimated from the returns of a reference portfolio. In detail, using the Alvarez and Jermann (2004)'s notation, the marginal cost of all uncertainty is:
where y is a constant long-term bond interest rate, p is the estimated mean consumption risk premium, g is the average growth rate of consumption. It is straightforward to compute the welfare Therefore, the model free welfare calculation that takes into account consumption and asset pricing data attributes a relatively small gain brought by the Great Moderation.
The Model-Based Welfare Calculations
The model-free approach presented above is not able to isolate the possible di¤erent e¤ects that have contributed to a lower welfare gain of the Great Moderation, since its data-based method does not allow to run counterfactual scenarios. In this section, I use the long-run risk model presented above to compute the welfare gain/loss of the Great Moderation, and to study the welfare contribution of the three e¤ects characterizing the Great Moderation period: the "innovation-e¤ect", the "persistence-e¤ect", and the "long-run risk e¤ect". The proposed model is suitable for welfare calculation since it can successfully replicate the asset pricing moments, as well as the dynamics of consumption and dividends, in the pre-Great Moderation and Great Moderation period, as previously discussed.
The welfare computation for the long-run risk model follows the approach proposed by Croce (2012). Let U (fC j g) be the time-zero utility obtained from the consumption process fC j g and u j the associated logarithm of the utility-consumption ratio. The percentage change of time-zero consumption, ; that one must give to an agent in order to render her indi¤erent between the consumption process fC j g and an alternative consumption process fC i g is given by:
Given the Epstein-Zin preferences, the log-utility-consumption ratio satis…es:
: Therefore, given that the model provides a solution for the dynamics of the price-consumption ratio, v c;t ; we can also compute the dynamics of the utility-consumption ratio. Finally, I de…ne the welfare change from moving from the pre-Great Moderation speci…cation of the consumption (and dividends) process to di¤erent alternative speci…cations as the model implied average of the associated utility-consumption ratios.
What is the welfare change, implied by the model, brought by the Great Moderation? The …rst column of Table 9 displays the result: there is a welfare loss associated with the Great Moderation, and it is equal to -0.9 percent of in consumption equivalent terms. This result might be surprising at …rst, but in order to understand why an agent is not willing to move from the pre-Great Moderation to the Great-Moderation consumption (and dividends) process, we need to isolate the three e¤ects that characterized the Great Moderation speci…cation, namely a lower variance of the innovation of consumption and dividends (innovation-e¤ect), an increased persistence of the consumption and dividends process (persistence e¤ect), and an increased relative variance of the long-run risk component (long-run risk shock).
Using the counterfactual scenario labeled as "innovation-e¤ect"in Table 9 , we observe that the reduction of the variance of the innovation alone is welfare improving: an agent would be willing to move from the Sample 1 process of consumption and dividend to an alternative process with the same autoregressive structure and a constant relative long-run risk variance, but with a lower variance of consumption and dividend innovations. The agent would be willing to give up 1.6 percent of her consumption for that. This is quite intuitively, since agents are risk adverse and, ceteris paribus, they highly value the lower consumption variance. Notice that in this scenario, the mean equity premium implied by the model would drastically decline to 2.4 percent.
However, the reduction of the innovation variance of consumption and dividend is not the only feature of the Great Moderation. The empirical analysis in Section 2, shows that Great Moderation is also characterized by a larger persistence of consumption and dividend. The counterfactual scenario labeled as "persistence e¤ect" in Table 9 captures a pure shift on the autoregressive structure of consumption and dividend without altering their unconditional variance and the longrun risk shock variance. When the persistence of consumption and dividend increases, agents' welfare is largely reduced (-6.6 percent), and the mean equity premium would jump to a 25 percent. Intuitively, an agent endowed with Epstein-Zin preferences with intertemporal elasticity of substitution greater than 1 is adverse to postpone uncertainty resolution. When the persistence of consumption and dividend increases, their volatility shifts from the short-run to the long-run, thus making the agent worse o¤. As a result, the agent would ask for a larger premium to hold a risky asset (25.6 percent). Figure 1 visualizes the relationship between the estimated consumption growth persistence (measured as the highest root of the third order lag polynomial) in the Great Moderation period, and the welfare gain/loss brought by the Great Moderation for the 1000 bootstrap replications used to compute the 90 percent con…dence band of the welfare change. It is evident the negative relation between welfare gain of the moderation and the persistence of the Great Moderation consumption process.
Finally, the Great Moderation calibration features also a slightly higher variance of the longrun risk components relative to the consumption variance. In the counterfactual scenario labeled "long-run-risk-e¤ect", the variance and persistence of consumption and dividends is held …xed to the Sample 1 values, and the x is increased to its Sample 2 value, 0.04. Since the higher relative increased variance of the long run risk induces also a larger long-run uncertainty, the agent assigns a negative welfare e¤ect to it (-1.4 percent). Also in this case, he would ask for a larger equity premium to hold risky asset (12 percent).
The main result of the paper is summarized as follow: the gain brought of the Great Moderation is rather small, if not absent at all. The reduction of the magnitude of the consumption and dividend innovation shock implies an unambiguous welfare gain. But the Great Moderation period was not solely characterized by a reduction of consumption and dividends variance. The data, in fact, show that the Great Moderation also features a larger portion of consumption and dividend variance concentrated in the long-run, caused by their increased persistence and by the larger relative long-run-risk. These two properties are welfare deteriorating, since they delay the resolution of uncertainty from the investor point of view.
Alternative Models
In this section I explore whether my estimated small gain brought on by the Great Moderation is robust to alternative modelling choices: I analyze the predictions of three alternative models that are successful in solving the equity premium puzzle: the habit model of Campbell and Cochrane (1999) , and the rare disaster model of Barro (2006 Barro ( , 2009 ).
Campbell and Cochrane Model
Another model that is able to match the asset pricing moments is the habit model introduced ; where C t is the level of consumption, and X t is the stock of habit. De…ne the surplus consumption ratio, S t as
The law of motion of the habit stock is modelled specifying a heteroskedastic AR(1) process for the log surplus consumption ratio, s t , i.e.
where s; g; and are parameters, and c t+1 c t g = v t+1 is an i.i.d. normal process with mean 0 and standard deviation . The function (s t ) is the sensitivity function speci…ed as follows
with s max = s + 1 2 1 S 2 : The parameter S is the steady state surplus consumption ratio and is de…ned as follows, imposing some useful conditions on the sensitivity function 19 :
The sensitivity function measures the response of the surplus consumption ratio to innovations in consumption growth. Notice that since S is proportional to , a less volatile consumption growth process, such as that experienced in the Great Moderation, implies a lower steady-state surplus consumption ratio. Moreover, the functional form of the sensitivity function indicates that a less volatile consumption growth process is associated with higher values of the sensitivity function, holding and constant. As a result, …xing the percentage deviation of the log-surplus consumption ratio from its steady state, s t s, the distribution of s t associated with a less volatile consumption growth process shifts to the left and does not change its variance, since the lower volatility of the v t process is ampli…ed by a larger sensitivity function.
Although this mechanism helps to reconcile the model predictions with several otherwise puzzling asset pricing data moments, namely, the average risk-free return and the average equity premium as well as their volatilities, and the Sharpe ratio of equity returns, it also creates some counter-intuitive welfare implications. In fact, a reduction of the volatility of consumption growth leads to a decline of the surplus consumption ratio, which is the variable from which the agent gains utility. Thus, a less volatile growth rate of consumption has a negative e¤ect on utility.
In the previous section I showed that the volatility of consumption growth has declined from 0.62 percent in the pre-1983 sample to 0.34 percent in the post-1983 sample. When these estimates are applied to the Campbell and Cochrane model, the welfare loss implied by the less volatile consumption process is 5 percent in consumption-equivalent terms. This result seems paradoxical since we usually expect that a risk-averse agent would prefer a smoother consumption process.
However, the left-ward shift on the distribution of the surplus consumption ratio is equivalent to a change in the preference parameters of the agent, or, in other words, to a re-scaling of the variable from which the agent gains utility. Therefore the decline in utility implied by this calculation is mainly due to the cardinal value of the utility function, which has no meaning in terms of welfare.
Rare Disaster Model
In the rare disaster model the equity premium is generated by two components; the …rst one is proportional to the variance of consumption growth, and the second one depends on the probability and magnitude of the rare disaster. In particular, the expression for the equity premium is
where is the coe¢ cient of relative risk aversion, 2 is the variance of consumption growth, p is the probability that a disaster occurs, and b is the magnitude of the disaster. 
Conclusions
In this paper I estimated the welfare improvement brought about by the Great Moderation, the reduction in the business cycle volatility of macroeconomic variables after the early 1980s. Using simple consumption-based asset pricing models, I showed that the welfare estimates and the moments of asset prices are very sensitive to the time-series properties of the consumption processes that are fed into these calculations.
The contribution of this paper is to take very seriously the need for welfare calculations to be based on plausibly calibrated laws of motion of consumption (and dividends), and on models which have reasonable predictions for asset prices. I document that the reduction in volatility of consumption and dividend growth rate in the Great Moderation period is associated with an increase of their persistence. Therefore, I develop an asset pricing model (long-run risk model)
in which the laws of motion of consumption and dividends capture their changing autocorrelation structure. With a set of calibrated preference parameters, the proposed model delivers sensible asset price behavior over the full sample and in the two sub-samples. I then compute that the Great Moderation has brought a welfare loss equal to -0.9 percent in consumption-equivalent terms.
I build three counterfactual scenarios that isolate the e¤ects of the Great Moderation: whereas the smaller magnitude of the consumption-dividend shock is welfare improving, the increased persistence of the two process is severely welfare deteriorating. In fact, a risk-averse agent endowed with non-separable preference characterized by an elasticity of substitution larger than one prefers an early resolution of uncertainty with respect to a late one. The increased persistence of the two exogenous process, then, contribute to the welfare loss. By considering a model-free approach, as well as two other alternative models, I conclude that there is no evidence that the Great Moderation was signi…cantly welfare improving. (1) :
Standard errors are reported in brackets. Statistical signi…cance is indicated with asterisks (* at 10 percent, ** at 5 percent, *** at 1 percent). 
0:64 . Note: The model assumes a CRRA utility function. The "linear trend +iid" consumption process and the utility parameters in the second column are as in Lucas (1987) . The "iid Consumption Growth" process in the third column is calibrated to match the post war data. The AR(1) consumption growth process and utility parameters in the fourth column are as in Mehra and Prescott (1985) .
The AR(1) consumption growth process in the …fth column has the same speci…cation as in Mehra and Prescott (1985) . However, the utility parameters are calibrated to match a 6 percent risk premium and a 1.4 percent risk free asset return scenario is needed to control for a constant unconditional variance of consumption and dividend growth, since a change in the autocorrelation structures implies a change in the unconditional variance of the process. where E 0 denotes the conditional expectations given the information at time 0, U ( ) denotes the instantaneous utility function, C t denotes consumption at time t, and is the discount factor.
There is a competitive market for trading assets (trees) which pay dividends (fruits). Let P t be the price of one unit of the asset and A t be the agent's shareholding at time t; then the agent's budget constraint is
where d t denotes the exogenous stochastic ‡ow of fruits at time t: Since there is no source of the consumption good other than the fruit, which is perishable, market clearing implies that C t = D t :
As in Lucas, the agent has CRRA preferences, i.e.
where > 1 is the coe¢ cient of risk aversion. Since is positive, the agent in the economy is risk-adverse.
The price of the asset is determined by the …rst order conditions as follows:
To link the asset pricing variables and the welfare cost of ‡uctuations, it is useful to rewrite (9) in terms of the price-dividend ratio V t = P t =D t :
